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I Growth of GaAs crystals by the vertical Bridgman technique has several advantages over LEC - -  material with 
lower dislocation density, lower elastic stresses and higher homogeneity can be grown. Most importantly, it also 
promises lower production costs. However, the methodhas been hampered by a low single crystal yield due to 
poly growth and twin formation. During the last few years our group has developed the technical prerequisites to 
overcome this problem. In the first part of this report we shall present wo new furnace concepts and some growth 
results. In the second part we will discuss the technical developments of crucibles. 
I 
n spite of large efforts in the past 
to find the causes which are 
responsible for polycrystalline 
growth our present knowledge is still 
insufficient. The furnace concepts 
presented here are based on the 
assumption that the single crystal 
yield benefits from a flat to convex 
phase boundary and from a high 
rotational symmetry of the tempera- 
ture field in the furnace. The 
crucible system is improved by avoid- 
ing the sticking of the crystal to the 
crucible and preventing any 
As-outgassing from the crystal. 
We have shown [1, 2] that the 
latter often causes polycrystalline 
growth when using unoxidized 
pBN-crucibles, because the wetting 
of the crucible and, as a result, the 
liquid encapsulation of the crystal by 
boric oxide is insufficient. This 
particularly affects the growth in 
'open' pBN-crucibles, which are not 
enclosed in a quartz ampoule. On  
the other hand such growth condi- 
tion are desirable for an easy control 
of the residual carbon concentration 
via the gas atmosphere when grow- 
ing semi-insulating material. 
Results 
Advanced fu rnace  concepts  
and  growth  results 
We have developed two different 
furnace concepts which both aim at 
flat phase boundaries and high rota- 
tional symmetry of the temperature 
field. 
The first design - -  shown schem- 
atically in Figure 1 (a) - -  is based on 
a "Stockbarger" type furnace. This 
concept is characterized by an upper 
(2) and lower (6) heating zone with 
a steep T-gradient between them. To 
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Figure (l a). Schematic diagram of the "Stockbarger" type furnace and the axial temperature 
profile (8=GaAs melt, 9=B203-encapsulant, see text for other components). 
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Figure l (b). "Stockbarger" type furnace with power supply. 
generate a high axial and rational 
homogeneity of the T-field, high 
heat conductivity liners (1, 5) are 
employed in both zones. To reach 
rotational symmetry all current leads 
are arranged axially. To control the 
geometry of the phase boundary 
toward a convex shape a booster 
heater (4) is employed in the gradi- 
ent zone to achieve a small radial 
heat flux toward the centre of the 
furnace. The booster heater is posi- 
tioned on the outside of an annular 
ring component (3) which has a 
high heat conductivity in the hori- 
zontal plane for feeding the radial 
heat flux to the crystal and for high 
rotational symmetry. The conductiv- 
ity along the vertical direction is very 
low in order to sustain a high axial 
gradient between the two tempera- 
ture zones. For generating flat to 
convex shaped phase boundaries in 
the cone area of the crystal, the 
crucible is supported by a low conduc- 
tivity--double m cone (7) which acts 
as a heat flux choke [3]. All hot 
components of the furnace are made 
out of carbon to avoid corrosion 
effects by As-vapour present in the 
furnace when crystal growth is 
performed without an enclosure of 
the crucible by a quartz ampoule. 
The furnace is built to grow crystals 
up to 3 inches in diameter and 25 cm 
long. The furnace is enclosed by a 
pressure (70 bar) vessel (see Figure 
l(b)) which allows the growth of 
As-rich GaAs as well as the growth of 
InP-crystals. The presence of the 
booster heater together with the 
symmetrical arrangement of both 
heater zones with respect to the 
latter also allows the furnace to be 
used for vertical zone-melting. 
In contrast to the "Stockbarger" type 
where the crystal is grown by moving 
the crucible within the stationary 
T-field, for the second furnace 
concept no mechanical motion of 
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any component is required. As indi- 
cated schematically in Figure 2(a) the 
crucible is positioned between an 
upper (2) and a lower (5) heater 
plate. The crystal grows by lowering 
the temperature of the bottom 
heater. Such an arrangement is char- 
acterized by an almost perfect axial 
heat flux and is particularly suited 
for the growth of large diameter crys- 
tals. The furnace currently used in 
our laboratory allows the growth of 
up to 6-inch diameter crystals. The 
cylindrical boundary (3) of the 
furnace is kept at a temperature 
close to the melting point to provide 
a small radial inwardly directed heat 
flux component, o avoid the forma- 
tion of concave phase boundaries. 
All thermal components are made 
out of carbon. To keep the construc- 
tion and equipment cost low the 
furnace is built only from commer- 
cially available components. The 
pressure vessel of the furnace is 
shown in Figure 2(b). 
Using unoxidized pBN-crucibles, 
without enclosure by quartz 
ampoules, 2- and 3-inch crystals have 
been grown in the first furnace, and 
2-, 3- and 4-inch crystals in the 
second, respectively. A 4-inch crystal 
is shown in Figure 3. From the top 
view facets it is obvious that this is a 
single crystal through the whole 
length of the crystal. 
Figure 2(a). Schematic diagram of the 
second furnace (1=boric oxide-encapsulant, 
4=GaAs crystal, see text for the other 
components). 
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Figure 2(b). Second furnace with power supply. 
The crystals grown in both furnaces 
- -  without complete optimisation of 
the growth process - -  already exhibit 
dislocation densities for undoped 
GaAs as low as 1000 cm 2 (for a 4-inch 
crystal). Typical values are 2000 to 
3000 cm z. The crystals also exhibit 
rather low elastic stresses as proven 
by birefringence tests and lattice 
parameter measurements. 
Improvements of the 
crucible systems 
An alternative way to increase single 
crystal yield without the necessity of 
advanced furnaces can be found in 
using better crucibles. The improve- 
ment must aim at a reduction of the 
sticking of cry:stals with the crucible 
as well as avoiding As-outgassing 
from the crystal Both can be achieved 
through total liquid encapsulation of
the crystal by boric oxide. This objec- 
tive is best obtained by improving 
the wettability of the crucible by the 
boric oxide. 
In the pa:~t good results have 
been obtained through preoxida- 
tion of the inner surface of 
pBN-crucibles (e.g. [4]). We have 
found a much more reliable tech- 
nique by usimg quartz crucibles 
(also used in Ref. [5]) which exhibit 
a perfect wettability by boric oxide. 
We have sho~n that this technique 
results in a single crystal yield which 
is very close to 100 %. Earlier the 
technique was hampered by the fact 
that during the cooling process 
upon solidification of the boric 
oxide the crystals became cemented 
to the crucible. This generates 
cracks in the crystal during the 
further temperature reduction to 
room temperature. We have solved 
this problem by dissolution of the 
quartz crucible above 500°C in 
molten salt (a patent has been 
received for this process). 
L 
Figure 3. Side and top view of a 4"-crystal grown in the second furnace. 
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We have employed GaAs-crystal 
growth in quartz crucibles to produce 
Si-doped material for laser substrates. 
Si-doping in quartz crucibles turns 
out to be much more effective and 
reproducible because of an SiO 2 
enrichment of the boric oxide (B203) 
through corrosion of the quartz 
crucible. This" leads to a reduced 
oxidation of the Si-dopant in the 
GaAs-melt through the reaction: 
3Si + 2B20 3 --, 4B + 3SiO 2. 
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Figure 4. Schematic diagram of the pressure 
sensor (1 =quartz plate subjected to pressure 
difference; 2 = reference plate). 
In pBN-crucibles this reaction is 
much more pronounced resulting in 
a reduced Si-doping on the one 
hand and an increased B-doping of 
the GaAs on the other hand and, 
most importantly a strong reduction 
Table I. Doping results for different crucible materials (concentration in 1019 cm'3). 
pBN SiO 2 pBN + SiO2 in B20 s 
[Si] in Melt 1.3 1.0 1.2 
[Si] in Crystal <_0.13 <_0.6 <_0.5 
[n] in Crystal <_ 0.01 <_ 0.3 <_ 0.3 
[B] in Crystal _< 1.6 <_ 0.8 <_ 1.1 
of the carrier concentration. We 
found that Si-doping in pBN- 
crucibles can be achieved in a repro- 
ducible way if the boric oxide encap- 
sulant is enriched by SiO 9 (see 
Table 1). 
An alternative way of avoiding 
As-outgassing from the crystal is to 
grow the crystal in an As-atmos- 
phere. This, however, requires the 
use of a quartz ampoule which 
encloses the crucible. This ampoule 
is subject o temperatures of at least 
1240°C at which quartz already starts 
to lose its mechanical strength. For 
this reason it is very important o 
keep the differential pressure (Pinter- 
n~a- Pextem~a) close to zero, particu- 
larly if it is desired to grow large 
diameter (e.g. 6-inch) crystals by this 
technique. 
The pressure control requires a 
pressure sensor, which can be used 
under corrosive and hot (700°C) 
conditions. We have developed a very 
simple pressure sensor which is 
schematically shown in Figure 4. It 
employs an interference pattern 
generated between two quartz plates, 
which changes due to the bowing of 
plate (1) under the load of a differ- 
ential pressure. 
Figure 5 compares two interfer- 
ence patterns for a variation of the 
differential pressures of about 
15 mbar. By interpolation this 
method is able to measure the differ- 
ential pressure to a few mbar. (A 
patent is pending for this pressure 
sensor). 
Summary 
The vertical Bridgman technique 
offers many advantages for the 
growth of large diameter GaAs crys- 
tals. New technical developments at
the Jfilich Research Centre are 
discussed which aim at an increased 
single crystal yield by either using 
more advanced furnace concepts or 
by improving the growth conditions 
through better crucible systems. Up 
to 4-inch diameter crystals have been 
successfully grown already which 
exhibit, without the complete opti- 
misation of the process, a high qual- 
ity regarding the dislocation density 
and elastic stresses. 
References 
[1] M. Althaus, K. Sonnenberg, E. 
Kfissel and R. Naeven,J. Cryst. Growth 
166 (1996) 566. 
[2] M. Althaus, Jill-Report, ISSN 
0944-2952/D82 (1996). 
[3] I~ Koai, K. Sonnenberg and H. 
Wenzl,J. Cryst. Growth 137 (1994) 59. 
[4] E.D. Bourret, J.B. Guiltron and 
E.E. Haller, J. Cryst. Growth85 (1987) 
124. 
[5] T.I. Ejim, International Conference 
on InP and Related Materials, Cardiff 
IEEE Publ. (1991) 196. 
Contact: Dr K. 8mmerdJerg, 
Forschungszentrum Jfilich, 
Institut ffir Festk6rperforschung, 
52425 Jfilich, Germany. 
Tel/fax: +49 (0)2461 61-4706/-3916. 
Figure 5. interference patterns for two pressure settings differing by 15 mbar. 
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